The objectives of this study were to estimate variance components, genetic 10 parameters, EBV, accuracies, and rankings for nine ultrasound and carcass traits in a 11 multibreed Angus-Brahman population using three genomic-polygenic models and one 12 polygenic model (PM). The genomic-polygenic models used the complete GeneSeek 13
Introduction 44
Carcass traits constitute a major set of target traits for genetic evaluation and 45 selection in beef cattle. However, they are expensive to measure and mostly collected on 46 steer progeny of sires and dams considered as potential parents of subsequent generations. 47
Yearling ultrasound carcass traits have been found to have high genetic correlations with 48 carcass traits (Crews et al., 2003; Kemp et al., 2002; Moser et al., 1998; Reverter et al., 49 2000) . Thus, ultrasound carcass traits have been used to increase the accuracy and to lower 50 the cost of national genetic evaluations of slaughterhouse carcass traits (Crews and Kemp, 51 2002; Crews et al., 2004; MacNeil et al., 2010; MacNeil and Northcutt, 2008) . 52
Additionally, genomic information has also been used to increase the accuracy of both 53 ultrasound and carcass traits while simultaneously reducing generation interval (Fernandes 54 Junior et al., 2016; MacNeil et al., 2010; Magnabosco et al., 2016) . 55
Variance components, heritabilities, and genetic, environmental and phenotypic 152 correlations for UW, UREA, UFAT, UPIMF, SLA, HCW, REA, FAT, and MAR were 153 obtained using a 9-trait single-step genomic-polygenic model (GPM; Aguilar et al., 2010 ) 154 and a 9-trait polygenic model (PM). The single-step procedure was utilized here because it 155 permits the utilization of phenotypes, pedigree, and genotypes to obtain the most accurate 156 genomic-polygenic predictions for animals when only a fraction of animals evaluated have 157 genotypic records. Fixed effects for GPM and PM were contemporary group (location-158 year), age of calf (ultrasound traits only), sex of calf, and direct heterosis as a function of 159 calf heterozygosity (i.e., the probability of one Angus and one Brahman allele in 1 locus). 160
Random effects for all traits in GPM and PM were animal direct additive genetic and 161 residual. Mean of random direct additive genetic and residual effects for all traits in GPM 162 and PM were equal to zero. The variance-covariance matrices among direct genetic effects 163 for UW, UREA, UFAT, UPIMF, SLA, HCW, REA, FAT, and MAR were equal to 164 additive relationship matrix among all animals, was a 9 × 9 matrix of variances and 168 covariances among direct additive genetic effects for UW, UREA, UFAT, UPIMF, SLA, 169 HCW, REA, FAT, and MAR, and "" was the Kronecker product. The submatrices within 170 matrix 1 were defined as follows:
was the ij th submatrix of the additive relationship 171 matrix, i, j = 1, 2, where subscript 1 referred to non-genotyped animals and subscript 2 to 172 genotyped animals, 22 −1 was the inverse of the additive relationship submatrix for genotyped 173 animals, G 22 = ZZ′ 2 ∑ p j (1 − p j ) ⁄ , was the matrix of genomic relationships for genotyped 174 animals (Aguilar et al., 2010; VanRaden, 2008) , p j = frequency of "2" alleles in locus j, and 175 the elements of matrix Z were equal to (0 − 2p j ) if the genotype in locus j was equal to 11, 176 (1 − 2p j ) if the genotype in locus j was equal to either 12 or 21, and (2 − 2p j ) if the 177 genotype in locus j was equal to 22. The default weights (tau = 1, alpha = 0.95, beta = 0.05, 178 gamma = 0, delta = 0, and omega = 1) and scaling for G 22 and A 22 (mean of diagonal 179 elements of G 22 = mean of diagonal elements of A 22 , and mean of off-diagonal elements of 180 G 22 = mean of off-diagonal elements of A 22 ) were used for the computation of the inverse of 181 matrix H 1 when solving the mixed model equations with the BLUPF90 Family of programs 182 (Misztal et al., 2002) . The variance-covariance matrix among residuals for GPM and PM 183 was equal to I  V e , I was an identity matrix, V e was a 9 × 9 matrix of variances and 184 covariances among residual effects for UW, UREA, UFAT, UPIMF, SLA, HCW, REA, 185 FAT, and MAR, and "" was the Kronecker product. 186
Variance and covariance components for GPM and PM were estimated using 187 restricted maximum likelihood procedures (Corbeil and Searle, 1971; Harville, 1977; 188 Patterson and Thompson, 1971 ) via an average information algorithm (Gilmour et al., 189 1995) within the BLUPF90 family of programs (Misztal, 1999; Misztal et al., 2002; 190 Tsuruta, 2014 
Genomic-polygenic and polygenic EBV, accuracies, and rankings 209
The REML estimates of variance and covariance components at convergence were 210 utilized to compute genomic-polygenic estimated breeding values (GPEBV) and polygenic 211 EBV (PEBV) for UW, UREA, UFAT, UPIMF, SLA, HCW, REA, FAT, and MAR using 212 GPM and PM models that contained the same fixed and random effects as those used for 213 variance component estimation. To assess the impact of utilizing low-cost low-density 214 chips on genomic-polygenic predictions, accuracies, and rankings, GPEBV were also 215 computed with GPM that used genotype files containing two reduced SNP sets of 216 GeneSeek Genomic Profiler F250. The first GPM (GPMR1) utilized a reduced SNP set 217 (R1) that contained only SNP in the top 5% by absolute value of their Best Predictor 218 (Henderson, 1973; Wang et al., 2012) across all nine traits (n = 24,761) computed with 219 program POSTGSF90 (Aguilar and Misztal, 2014) . A total of 18,405 SNP (74.3%) were 220 from chromosomes 11, 23, 24, 25, and 26, eight chromosomes (8, 9 , and 16 to 21) had no 221 SNP represented, and the remaining 16 chromosomes contributed with 6,356 SNP (25.7%) 222 of the top 5% SNP. The second GPM (GPMR2) used a reduced SNP set (R2) that was 223 constructed using 24,761 SNP (5%) chosen evenly across the genome regardless of their 224 predicted value. Genomic-polygenic EBV for all traits were computed for all animals using 225 GPMR1 (GPEBVR1) and GPMR2 (GPEBVR2). Accuracies of GPEBV, GPEBVR1, 226 GPEBVR2, and PEBV for all animals and traits were computed using the expression 227
1/2 * 100, where PEV ij is the prediction error variance for trait j within 228 animal i, and AGV j is the additive genetic variance for trait j. Means and SD of accuracies 229 for GPEBV, GPEBVR1, GPEBVR2, and PEBV were computed for sires, dams, progenies, 230 and all animals using the TABULATE procedure of SAS (SAS Institute Inc., Cary, NC). 231
Rankings of sires (n = 292), dams (n = 1,238), progeny (n = 2,103), and all animals (n = 232 3,633) with GPEBV, GPEBVR1, GPEBVR2, and PEBV were compared using Spearman 233 rank correlations computed using the CORR procedure of SAS. The GPEBV from all 234 evaluated animals (n = 3,633) were also plotted against Brahman fraction to visualize 235 variation and trends in EBV in animals ranging in Brahman fraction from 0% (Angus) to 236 100% (Brahman). 237 238 3. Results and discussion 239 and PEBV that were used as inputs for their estimation. 287
Yearling ultrasound trait heritabilities (Table 3) The high ultrasound and carcass heritabilities as well as the high level of association 342 between ultrasound and carcass traits found in this multibreed Angus-Brahman population 343 reaffirmed previous suggestions on the advantages of utilizing both ultrasound and carcass 344 phenotypic measurements to improve the accuracy of genetic evaluation and selection of 345 cattle for carcass traits (Crews et al., 2003; MacNeil et al., 2010; Moser et al., 1998; 346 Reverter et al., 2000) . Utilization of ultrasound information would be particularly 347 important for genetic improvement programs involving Brahman-Bos taurus multibreed 348 populations in tropical and subtropical regions where phenotypic information on carcass 349 traits is limited. 350 351
Genomic-polygenic and polygenic EBV, accuracies, and rankings 352
Means and SD of differences between genomic-polygenic EBV obtained with 353 reduced genotype sets 1 (GPEBVR1) and 2 (GPEBVR2) and with the complete set of 354 genotypes (GPEBV), and between PEBV and GPEBV were computed for sires, dams, 355 progenies, and all animals. Similar patterns of means and SD existed for sires, dams, 356 progenies, and all animals; thus, only means and SD of differences for all animals are 357 presented in Table 5 . Means and SD of differences between GPEBVR1 and GPEBV, and 358 between GPEBVR2 and GPEBV for sires, dams, progenies, and for all animals were 359 smaller than differences between PEBV and GPEBV for all traits. Although small, 360 absolute values of mean and(or) SD differences between GPEBVR1 and GPEBV tended to 361 be larger than corresponding GPEBVR2 minus GPEBV for UW, UREA, SLA, HCW, 362 REA, and MAR. However, mean and SD of differences between GPEBVR1 and 363 GPEBVR2 relative to GPEBV were either zero or near zero for UFAT, UPIMF, and FAT. 364
Thus, utilization of the top 5% of SNP markers across the nine ultrasound and carcass traits 365 (n = 24,761) yielded values of genomic-polygenic EBV that were close to those obtained 366 with a set of 24,761 SNP markers spread across the genome, and to those predicted using 367 the full set of SNP markers. In fact, rank correlations between GPEBVR1 and GPEBVR2, 368 GPEBV and GPEBVR1, and between GPEBV and GPEBVR2 were above 0.99 for all 369 traits in sires (all traits, except for SLA; mean = 0.994; range = 0.982 to 0.998; P < 0. correlations between GPEBV, GPEBVR1, GPEBVR2, and PEBV for sires, dams, 378 progenies, and all animals were comparable. Thus, Table 6 shows rank correlations only 379 for all animals. 380
Accuracies of EBV for all traits differed little among the three genomic-polygenic 381 models and the polygenic model for sires, dams, progenies, and all animals. Further, 382 similar patterns existed for means of accuracy differences between these models for sires, 383 dams, and progenies. Thus, percentage differences between accuracies of GPEBVR1 and 384 GPEBV, GPEBVR2 and GPEBV, and PEBV and GPEBV are shown only for all animals in 385 Table 7 . Mean percentage differences in accuracy relative to GPEBV (Table 7) for 386 GPEBVR1 (mean = 0.00 %; range = -0.04 % to 0.06 %) were more similar to those for 387 GPEBVR2 (mean = 0.07 %; range = 0.04 % to 0.10 %) than for PEBV (mean = -5.93 %; 388 range = -9.71 % to -2.64 %). The high degree of similarity among predicted EBV and 389 accuracies from GPM, GPMR1, and GPMR2 as well as their high rank correlation values 390 for sires, dams, and progenies indicated that reduced genotype sets 1 and 2 would be 391 appropriate alternatives to the utilization of the complete set of genotypes in GeneSeek 392
Genomic Profiler F250. Further, the closeness between GPEBVR1 and GPEBVR2 values 393 and accuracies of prediction indicated that there was virtually no difference between 394 choosing SNP markers from the top 5% for UW, UREA, UFAT, UPIMF, SLA, HCW, 395 REA, FAT, and MAR and choosing them from across the genome regardless of their 396 predicted value. 397
The variability among GPEBV as a function of Brahman fraction is shown in Figure  398 1 for two ultrasound traits (UREA and UPIMF) and their corresponding carcass traits (REA 399 and MAR). Each diamond in this figure represents the GPEBV of an animal in the 400 multibreed herd. Similar plots existed for UW, UFAT, SLA, HCW, and FAT. All figures 401
showed that large amounts of variation existed among animals of all Angus and Brahman 402 breed compositions and that no specific breed composition was overwhelmingly better or 403 worse for any of these traits. Comparable figures were obtained for all traits with EBV 404 from the two reduced genomic-polygenic models (GPEBVR1 and GPEBVR2) and the 405 polygenic model. 406
The MAB population represents a structured version of Angus-Brahman multibreed 407 populations in tropical and subtropical regions of the US and other countries. Assuming 408 that field MAB populations in these regions and the UFMAB population share a reasonable 409 degree of similarity, GPEBV variation, accuracy of EBV, and EBV rankings here indicated 410 that it would be desirable for these populations to evaluate and select animals from all 411 breed compositions if their aim were to optimize genetic progress. Further, the similarity 412 between GPEBV, GPEBVR1, and GPEBVR2 indicated that these populations could utilize 413 a lower density rather than a high-density chip for genomic-polygenic predictions with little 414 impact on rankings and selection of desirable animals for the ultrasound and carcass traits 415 considered here. However, it is doubtful that the genomic-polygenic models using the two 416 reduced sets of SNP markers identified in the UF multibreed Angus-Brahman population 417 will yield EBV as close to those of the complete genomic-polygenic model in other 418 multibreed Angus-Brahman populations in the US or elsewhere because of differences in 419 population structure and linkage disequilibrium patterns. Thus, identifying appropriate 420 reduced sets of SNP markers from GeneSeek GPF250k or other high-density genotyping 421 chips in these populations will require genomic-polygenic analyses similar to the ones 422 conducted in this research. The need to conduct these analyses to identify representative 423 SNP marker subsets across related multibreed Angus-Brahman populations may decrease in 424 the future if commercial chips are populated with biologically relevant SNP markers (e.g., 425
SNP markers inside exons of structural or regulatory genes). However, field multibreed 426 populations tend to change in an unstructured fashion due to multiple selection objectives 427 across herds and changes in selection objectives and mating plans over time. Thus, it 428 would be advisable to verify the effectiveness of both complete and reduced sets of SNP 429 markers for traits targeted by selection across these related multibreed Angus-Brahman 430 populations at regular intervals over time. 431 432
Conclusions 433
Comparable additive genetic, environmental, and phenotypic variance and 434 covariances, heritabilities, genetic correlations, environmental correlations, and phenotypic 435 correlations were estimated using three genomic-polygenic models using a complete high-436 density set and two reduced sets of SNP, and a polygenic model. Genomic-polygenic EBV 437 and accuracies from the three genomic-polygenic models were highly similar and had high 438 pairwise rank correlations for all traits in sires, dams, and progenies. Conversely, 439 polygenic EBV were less similar, had lower rank correlations, and their EBV accuracies 440 were lower than those of genomic-polygenic models. The similarity between EBV, 441 accuracies, and rankings among the three genomic-polygenic models indicated that either 442 one of the reduced SNP sets would be a feasible alternative to the complete high-density 443 SNP set in this population, and perhaps in other multibreed Angus-Brahman populations in 444 subtropical and tropical environments. N  111  109  128  165  78  152  743  Mean, units  487  438  427  426  385  362  420  SD, units  103  87  88  91  63 48 91 a UW = yearling ultrasound weight; UREA = yearling ultrasound ribeye area; UFAT = yearling ultrasound backfat; UPIMF = yearling ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score. b Breed group: BG1 = 100% A to (80% A 20% B); 2) BG2 = (60% A 40% B) to (79% A 21% B); 3) BG3 = Brangus = (62.5% A 37.5% B); 4) BG4 = (40% A 60% B) to (59% A 41% B); 5) BG5 = (20% A 80% B) to (39% A 61%B); and 6) BG6 = (19% A 81% B) to 100% B; A = Angus, B = Brahman. UW = ultrasound weight; UREA = ultrasound ribeye area; UFAT = ultrasound backfat; UPIMF = ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score; GPM = genomic-polygenic model; PM = polygenic model. UW = yearling ultrasound weight; UREA = yearling ultrasound ribeye area; UFAT = yearling ultrasound backfat; UPIMF = yearling ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score; GPM = genomic-polygenic model; PM = polygenic model. UW = yearling ultrasound weight; UREA = yearling ultrasound ribeye area; UFAT = yearling ultrasound backfat; UPIMF = yearling ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score; GPM = genomic-polygenic model; PM = polygenic model. .93 a GPEBV = EBV from genomic-polygenic model with all SNP markers; GPEBVR1 = EBV from genomicpolygenic model with reduced SNP marker set 1; GPEBVR2 = EBV from genomic-polygenic model with reduced SNP marker set 2; PEBV = EBV from polygenic model. b UW = yearling ultrasound weight; UREA = yearling ultrasound ribeye area; UFAT = yearling ultrasound backfat; UPIMF = yearling ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score. GPEBV = EBV from genomic-polygenic model with all SNP markers; GPEBVR1 = EBV from genomicpolygenic model with reduced SNP marker set 1; GPEBVR2 = EBV from genomic-polygenic model with reduced SNP marker set 2; PEBV = EBV from polygenic model; All rank correlations were significant (P < 0.0001). b UW = yearling ultrasound weight; UREA = yearling ultrasound ribeye area; UFAT = yearling ultrasound backfat; UPIMF = yearling ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score. .93 a GPEBV = EBV from genomic-polygenic model with all SNP markers; GPEBVR1 = EBV from genomic-polygenic model with reduced SNP marker set 1; GPEBVR2 = EBV from genomic-polygenic model with reduced SNP marker set 2; PEBV = EBV from polygenic model. b UW = yearling ultrasound weight; UREA = yearling ultrasound ribeye area; UFAT = yearling ultrasound backfat; UPIMF = yearling ultrasound percent intramuscular fat; SLA= slaughter age; HCW = hot carcass weight; REA = ribeye area; FAT = backfat thickness; MAR = marbling score. 
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